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Clinical PerspectiveWhat Is New?ARHGAP18 is a key regulator of endothelial cell alignment in response to high shear laminar flow.Ablation of ARHGAP18 leads to loss of atheroprotection in areas that normally are low risk for atherosclerosis.ARHGAP18 is a novel vascular protective gene.What Are the Clinical Implications?Restoration or enhancement of ARHGAP18 activity, or components of its downstream pathway, may offer therapeutic potential.Changes in ARHGAP18 levels or activity may predispose to atherosclerosis development.

Introduction {#jah33780-sec-0008}
============

The vascular bed is constantly exposed to hemodynamic shear stress imposed by the flowing blood. The endothelial cells (ECs) that line the vessels are the key cells that are affected by this stress, with the greatest force occurring at the cell‐cell junctions.[1](#jah33780-bib-0001){ref-type="ref"} In a process known as mechanotransduction, the ECs have the ability to sense the fluid shear stress, the frictional force from blood flow, and convert this into biochemical signals that affect the morphology and function of the cells.[1](#jah33780-bib-0001){ref-type="ref"}

Atherosclerosis, a chronic inflammatory disease characterised by arterial wall thickening, is a major cause of morbidity and death in developed countries.[2](#jah33780-bib-0002){ref-type="ref"}, [3](#jah33780-bib-0003){ref-type="ref"} Although atherosclerosis development involves the contribution of many cell types to plaque development, changes to the endothelium are recognized as one of the initial events and result in the progressive accumulation of immune cells within the region and a state of chronic inflammation.[4](#jah33780-bib-0004){ref-type="ref"} Atherosclerotic plaques preferentially develop at branched or bifurcated arterial sites.[5](#jah33780-bib-0005){ref-type="ref"} These atheroprone sites are characterized by disturbed blood flow, in which flow patterns are complex and lack direction and hemodynamic shear stress is low.[6](#jah33780-bib-0006){ref-type="ref"}, [7](#jah33780-bib-0007){ref-type="ref"} In contrast, the athero‐protected regions are areas of high shear laminar flow and are generally resistant to atherosclerosis development.[8](#jah33780-bib-0008){ref-type="ref"} In these laminar flow areas, ECs align in the direction of flow, and this alignment is considered an adaptive protective response to the stress of high blood flow.[9](#jah33780-bib-0009){ref-type="ref"} The alignment promotes the expression of anti‐inflammatory or cytoprotective genes, such as endothelial nitric oxide synthase (eNOS),[10](#jah33780-bib-0010){ref-type="ref"} and the transcription factors KLF2 and KLF4 (Kruppel‐like factors).[11](#jah33780-bib-0011){ref-type="ref"}, [12](#jah33780-bib-0012){ref-type="ref"}, [13](#jah33780-bib-0013){ref-type="ref"} In contrast, in regions of disturbed flow, the ECs are disorganized, fail to align in the direction of flow, and lack mature adherens junctions.[14](#jah33780-bib-0014){ref-type="ref"} These are regions that show altered patterns of inflammatory gene expression, particularly increased expression of proinflammatory genes, such as intercellular adhesion molecule 1 (ICAM‐1), and the transcription factor nuclear factor‐κB (NF‐κB). These patterns of gene expressions dictate the site‐specific inflammatory phenotype of ECs and ultimately affect disease initiation and progression.[9](#jah33780-bib-0009){ref-type="ref"}

Members of the small Rho GTP‐binding proteins are important molecular switches for the regulation of many cellular processes, including cell shape. In particular, Rho activity is critical in EC alignment in response to shear stress. RhoA activity is upregulated in the initial response to laminar flow, but its downregulation is essential to the alignment of the ECs in the direction of flow and in the atheroprotection.[15](#jah33780-bib-0015){ref-type="ref"} The activity of the GTPases is regulated by 3 mediators: guanine nucleotide exchange factors, which activate GTPases; GTPase‐activating proteins (GAPs), which deactivate the activity; and guanine nucleotide‐dissociation inhibitors, which sequestrate the GTPase.[16](#jah33780-bib-0016){ref-type="ref"} The regulation of Rho GTPases by GAP and guanine nucleotide exchange factor exhibits cell‐ and function‐specific selectivity.[17](#jah33780-bib-0017){ref-type="ref"} One such RhoGAP, ARHGAP18, is highly expressed in ECs, and we have shown previously that it has both GAP‐dependent and GAP‐independent roles, consistent with that seen for its homologue, Conundrum, in *Drosophila*.[18](#jah33780-bib-0018){ref-type="ref"} ARHGAP18 (aka, *SENEX*) is involved in promoting EC senescence in a GAP‐independent manner, and its expression is essential for EC survival under stress.[19](#jah33780-bib-0019){ref-type="ref"} Interestingly, ARHGAP18‐induced senescent ECs have anti‐inflammatory properties[19](#jah33780-bib-0019){ref-type="ref"}, [20](#jah33780-bib-0020){ref-type="ref"} through caveolae upregulation.[21](#jah33780-bib-0021){ref-type="ref"} ARHGAP18 also is involved in the stabilization of EC cell junctions, it limits angiogenic sprouting, and it regulates the actin cytoskeleton in a RhoC‐dependent manner.[22](#jah33780-bib-0022){ref-type="ref"} In contrast, ARHGAP18 in non‐ECs shows RhoA activity.[23](#jah33780-bib-0023){ref-type="ref"} Most recently, we have shown that ARHGAP18 is also important in smooth muscle cell phenotype, inhibiting the contractile‐to‐synthetic conversion, maintaining the associated anti‐inflammatory phenotype, and limiting thoracic aortic aneurysm formation.[24](#jah33780-bib-0024){ref-type="ref"} Thus, we suggest that ARHGAP18 is essential in the vasculature to maintain its anti‐inflammatory state.

Cell junctional regulation and the actin cytoskeletal components are critical in the mechanotransduction signalling in ECs to mediate the anti‐inflammatory aligned shape change under laminar flow.[25](#jah33780-bib-0025){ref-type="ref"}, [26](#jah33780-bib-0026){ref-type="ref"} Thus, we hypothesized that ARHGAP18 may be a key negative regulator of the Rho GTPase pathway involved in the protective alignment of ECs in response to flow. To test this hypothesis, we investigated the effect of ARHGAP18 deletion on the endothelial response to flow and its consequence on the development of high‐fat diet (HFD)--induced atherosclerosis.

Materials and Methods {#jah33780-sec-0009}
=====================

The data, analytic methods, and study materials will be made available to other researchers for purposes of reproducing the results or replicating the procedure. The material is held at the Centenary Institute (Newtown, Australia).

Generation of ARHGAP18 Knockout Mouse {#jah33780-sec-0010}
-------------------------------------

Mutant mice carrying a targeted deletion of *Arhgap18* (*SENEX*) were generated using gene‐trapping approach, as is outlined in Figure [S1](#jah33780-sup-0001){ref-type="supplementary-material"}. The targeted knockout allele ES cells from International Gene Trapping Consortium/Knockout Mouse Project were microinjected into fertilized C57B/L6 oocytes for chimera production in JAX Laboratory. The targeted allele was generated using a 6.9‐kb trapping cassette flanked by a 5′ splice acceptor sequence and a 3′ polyadenylation sequence. Through efficient splicing to the reporter cassette, a constitutive null mutation in the ARHGAP18 gene was generated, resulting in global *Arhgap18* knockout. Mice carrying targeted allele were identified by polymerase chain reaction (PCR) using specific primers and confirmed by sequence analysis. Homozygous ARHGAP18 (*Arhgap18* ^−/−^) strain was bred with homozygous apolipoprotein E (ApoE^−/−^) strain to generate the double‐knockout (DKO) strain (ApoE^−/−^/*Arhgap18* ^−/−^) in the F2 generation.

In Vitro Shear Flow Experiment {#jah33780-sec-0011}
------------------------------

The use of discarded human umbilical cords, for the isolation of ECs, was approved by the Sydney Local Health District Human Ethics Committee, approval (X16‐0225) with donor informed consent. Human umbilical vein ECs (HUVECs) were isolated and maintained in 5% CO~2~ incubator, according to the established method.[27](#jah33780-bib-0027){ref-type="ref"} HUVECs were used at passage 1 to 3 for all experiments. Fifty thousand cells were cultured on IBIDI Y‐shaped slides for 24 hours to allow attachment, then either kept as static controls or exposed to laminar flow at 20 dynes/cm^2^ using IBIDI pump system (IBIDI GmbH, Germany). Gene expression studies were performed using RNA samples from HUVECs cultured on straight IBIDI slides and then subjected to laminar (20 dynes/cm^2^) or oscillating/disturbed (2 dynes/cm^2^ per 1 Hz) flow. For immunofluorescence stain, slides were fixed for 15 minutes with 4% paraformaldehyde and permeabilized for 10 minutes with 0.1% Triton X‐100 in PBS, followed by 2‐hour blocking with 2% BSA before probing with various antibodies. Primary antibodies and concentrations used were: mouse monoclonal anti‐ARHGAP18 (clone 2A3‐F, in house, 5 μg/mL), rhodamine phalloidin (catalog No. R415, Life Technologies), mouse monoclonal anti‐acetylated tubulin (catalog No. T7451, Sigma Aldrich), rabbit monoclonal anti--NF‐κB p65 (catalog No. C22B4, Cell Signaling), rabbit monoclonal anti--vascular endothelial cadherin (anti‐VE‐cadherin) (catalog No. D87F2, Cell Signaling), mouse anti‐eNOS (catalog No. 610297, BD), and rabbit anti--ICAM‐1 (catalog No. 4915, Cell Signaling).

Mice and HFD Treatment {#jah33780-sec-0012}
----------------------

ApoE^−/−^/*Arhgap18* ^−/−^ or ApoE^−/−^ control mice were maintained under standard husbandry conditions at the Centenary Institute Animal Facility. All experimental procedures were performed in accordance with the Sydney Local Health District Animal Welfare Committee approval (2013‐060). For HFD model, male mice at 8 to 10 weeks old were fed either standard HFD, consisting of 45% kcal cholesterol, 35% CHO (Chinese hamster ovary cells), and 20% kcal protein (D12451; Research Diets, New Brunswick, NJ) supplemented with 5% fructose in the drinking water, or normal diet for 4 to 20 weeks. Water and food were provided ad libitum. Body weights were monitored weekly. At specified time points (4, 8, and 20 weeks), mice were euthanized.

Oil Red O Stain {#jah33780-sec-0013}
---------------

Atherosclerotic plaques were detected using Oil Red O stain for lipid content. Briefly, the aortic tree was dissected between the ascending aorta and the iliac bifurcation. After carefully removing the surrounding adipose tissue, a longitudinal incision was made along the trunk, with all the arches, including the innominate, right cephalic, and right carotid, to expose the lumen side. The opened aortic arches/tree was then mounted between 2 glass slides and fixed overnight in 10% buffered formalin solution. Samples was rinsed in isopropanol for 10 minutes before being stained with 5% of Oil red O dissolved in isopropanol for 1 hour, followed by 2 washes in PBS. Atherosclerotic plaques were imaged using Leica stereomicroscope (model M205FA) and quantitated using ImageJ software.

Histological Analysis of Atherosclerotic Plaque {#jah33780-sec-0014}
-----------------------------------------------

Tissues were fixed in formalin overnight, followed by paraffin embedded. A serial of 4‐ to 5‐μm thick sections was obtained from the proximal aortas and stained with hematoxylin and eosin. Hematoxylin and eosin--stained sections of atherosclerotic plaque from area of similar depth were used for comparison of plaque size or for the determination of cellular composition by immunohistochemical or immunofluorescence stains. Plaque sizes were determined by measuring the total plaque area in the intima using ImageJ software. All measurements represent the total area from 10 mice.

Lipid Chemistry {#jah33780-sec-0015}
---------------

Analysis for total triglyceride and total cholesterol, including low‐ and high‐density lipoproteins, was performed by the Sydney Local Health District pathology service. All plasma samples were collected from mice after an overnight fasting.

En Face Immunofluorescence Stain of Aortic Tree {#jah33780-sec-0016}
-----------------------------------------------

Male mice, aged 8 to 10 weeks, were euthanized and pressure perfused with saline through the left ventricle, followed by perfusion with 5 mL of chilled 4% paraformaldehyde solution. The aortic tree was carefully dissected and opened longitudinally to expose the lumen. The tree was then sandwiched between 2 glass slides and fixed in 4% paraformaldehyde for another 2 hours on ice, followed by an overnight blocking with PBS containing 1% BSA. All primary antibodies were prepared in PBS containing 1% BSA and 5% normal serum. The following primary antibodies were used: rat anti‐mouse VE‐cadherin or CD144 (1:200), rabbit polyclonal antibody to ICAM‐1 (1:400), rabbit monoclonal antibody to NF‐κB p65 (1:400), mouse anti‐eNOS (1:200), and in‐house mouse monoclonal antibody to ARHGAP18 (1:50). Samples were incubated in primary antibody for 2 days. For mouse antibodies (eNOS and ARHGAP18), further blocking step with Mouse On Mouse blocking reagents was added to block endogenous mouse IgG stain before primary antibody incubation. Samples were washed with PBS/Tween 20 for 2 hours (12×10 minute washes). All secondary antibodies were used at 1:2000 dilution, incubated for 2 hours at room temperature, and washed for 2 hours before staining with DAPI (1:50) for 10 minutes. Aortas with lumen facing up were mounted and coverslipped using Prolong Gold. Images were captured at ×63 using confocal microscope (Leica TCS SP5) using an HCX PL APO Lbd Bl 63×/1.40 to 0.60 numerical aperture objective. All images for p65, eNOS, ICAM, and ARHGAP18 were captured at the EC layer, as identified by VE‐cadherin staining.

Small‐Interfering RNA Method {#jah33780-sec-0017}
----------------------------

For ARHGAP18 knockdown, HUVECs were transfected with either stealth small‐interfering RNA (siRNA) control (low GC content, 5 nmol/L) or 2 stealth siRNAs (HSS132562, HSS190252; 5 nmol/L; Life Technologies) using Lipofectamine RNAiMAX (Life Technologies), as previously described.[22](#jah33780-bib-0022){ref-type="ref"}

Quantitative Reverse Transcription--PCR {#jah33780-sec-0018}
---------------------------------------

RNAs were isolated from tissue or cell culture homogenate using TRIzol (Life Technologies) reagent, according to manufacturer\'s protocol. The RNA was treated with DNase I (Sigma‐Aldrich) and reverse transcribed using the High Capacity cDNA Synthesis Kit (Life Technologies). All transcription reactions were performed in triplicate with 2.5 ng of equivalent cDNA, 0.2 μmol/L of forward and reverse primer, and 1× SYBR green jumpstart mix (Sigma‐Aldrich). Reactions were run in a Rotor‐Gene 3000 PCR machine (Corbett, Qiagen) using a 4‐step PCR cycling protocol consisting of 95°C for 10 minutes, 40 cycles of 95°C for 15 seconds, 62°C for 40 seconds, 72°C for 40 seconds, and 78°C for 15 seconds, and acquisition to the FAM channel. Melt curve analysis was performed at the end of the PCR cycling to confirm the absence of nonspecific products. Relative gene expression changes were calculated using the 2‐ΔΔCT method.[28](#jah33780-bib-0028){ref-type="ref"} ARHGAP18 primers were: forward, CGAGCAAGCACTCAATCAGAAAGAGAG; reverse, GCTGTCAATGGAACGCAAAAAAGACCAG.

Western Blot Analysis {#jah33780-sec-0019}
---------------------

Total cell lysates were prepared from HUVECs exposed to various experimental conditions. Equal amounts of total proteins (8 μg) were loaded and separated on 4% to 12% NuPAGE gradient gel (Life Technologies), transferred to polyvinylidene difluoride membrane, and detected with enhanced chemiluminescence substrate (Pierce), as per the manufacturer\'s instructions. Vascular cell adhesion molecule 1 (catalog No. ab134047, Abcam), eNOS (catalog No. 610297, BD Biosciences), and ARHGAP18 clone 2A3‐F3 (in house) were used at 1:500 to 1:1000, and actin--horseradish peroxidase was used at 1:10,000 dilution in PBS/Tween 20 containing 1% BSA.

Statistical Analysis {#jah33780-sec-0020}
--------------------

All calculated values represent mean±SD. Statistical significance was determined by unpaired 2‐tailed Student *t* test to compare means. Mean differences with *P\<*0.05 was considered statistically significant.

Results {#jah33780-sec-0021}
=======

ARHGAP18 Is Required for EC Alignment {#jah33780-sec-0022}
-------------------------------------

To determine whether ARHGAP18 is regulated by flow, its expression was investigated under laminar and disturbed flow. Using Y‐shaped IBIDI slides, we investigated the expression of ARHGAP18 at points subjected to high shear stress laminar flow and those subjected to disturbed flow, at the points of bifurcations (Figure [1](#jah33780-fig-0001){ref-type="fig"}Ai). ECs subjected to laminar flow aligned in the direction of flow (Figure [1](#jah33780-fig-0001){ref-type="fig"}Aii--v). In contrast, cells under disturbed flow not only showed high protein expression of ARHGAP18 but also failed to align under these conditions, as reported previously[20](#jah33780-bib-0020){ref-type="ref"} (Figure [1](#jah33780-fig-0001){ref-type="fig"}Avi--ix). Quantification of protein expression, on the basis of pixel intensity (16.6±2.14 versus 23.4±2.29), confirmed this (Figure [1](#jah33780-fig-0001){ref-type="fig"}Ax). Consistent with this, cultured HUVECs (ECs) exposed to 72 hours of steady high shear, laminar flow (20 dynes/cm^2^) showed low levels of ARHGAP18 mRNA, whereas those under oscillating/disturbed (2 dynes/cm^2^ per 1 Hz) or static conditions had higher levels (laminar, 0.25±0.07; disturbed, 0.94±0.26; and static, 1±0.3) (Figure [1](#jah33780-fig-0001){ref-type="fig"}B). Furthermore, the protein levels of ARHGAP18 were significantly increased under static conditions compared with cells under high shear laminar flow (Figure [S2](#jah33780-sup-0001){ref-type="supplementary-material"}A).

![ARHGAP18 is flow responsive. (**A**) In vitro analysis of ARHGAP18 protein expression under different flow conditions. Schematic Y‐shaped IBIDI flow system showing area of laminar and disturbed flow (red boxes) with direction of flow as indicated (i). Staining for ARHGAP18 (green), F‐actin (red), and 4',6‐diamidino‐2‐phenylindole (DAPI) for nuclei (blue) in these areas (ii‐ix). Images are representative of 4 experiments, which are quantified (x). Bar=25 μm. (**B**) Analysis of mRNA during high shear laminar flow and disturbed flow after 72 hours of flow. (**C**) En face staining of ARHGAP18 expression (magenta), with costaining for VE‐cadherin (green) in area of high shear flow in the thoracic aorta (i) compared with the disturbed flow area of the aortic arch (ii). (iii) Quantification of mean pixel intensity for ARHGAP18 stain and expressed as fold change. Expression of ARHGAP18 in the outer curvature (iv) and the inner curvature (v) of the aorta. Representative image from 3 mice. Bar=25 μm. Ns indicates not significant.](JAH3-8-e010057-g001){#jah33780-fig-0001}

Flow regulation of ARHGAP18 was seen also in vivo, where en face staining for ARHGAP18 expression in the aorta of mice showed decreased expression in the high shear laminar flow regions of the thoracic aorta compared with that seen in the disturbed flow regions of the aortic arch (0.6±0.1‐fold change) (Figure [1](#jah33780-fig-0001){ref-type="fig"}Ci--iii). In addition, there was enhanced expression in the inner curvature of the aorta, compared with levels seen in the outer curvature (Figure [1](#jah33780-fig-0001){ref-type="fig"}Civ, v), consistent with the flow being more disturbed in the inner compared with the outer curvature in the arch region.[6](#jah33780-bib-0006){ref-type="ref"}

To determine whether ARHGAP18 is crucial for EC alignment, we depleted ARHGAP18 using siRNAs, which we have previously characterized[22](#jah33780-bib-0022){ref-type="ref"} and which resulted in knockdown of \>90% of ARHGAP18 protein (Figure [S2](#jah33780-sup-0001){ref-type="supplementary-material"}B). ECs with depleted levels of ARHGAP18 cultured under normal static conditions (high serum levels and growth factors) remained viable, and there was no change in morphology compared with cells treated with control siRNA (Figure [2](#jah33780-fig-0002){ref-type="fig"}Ai and ii). Cells were subjected to steady high shear, laminar flow (20 dynes/cm^2^). Control siRNA treated cells aligned in the direction of flow (Figure [2](#jah33780-fig-0002){ref-type="fig"}Aiii). However, ARHGAP18 deletion ablated the capacity of the cells to uniformly align in the direction of high shear laminar flow (Figure [2](#jah33780-fig-0002){ref-type="fig"}Aiv). Staining for actin fibers showed that *Arhgap18*‐depleted ECs lacked uniform orientation of the actin stress fibers in the direction of the flow compared with control ECs, which had unidirectional, well‐organized actin stress fibers (Figure [2](#jah33780-fig-0002){ref-type="fig"}Av and vi). Quantification of the percentage of cells that showed actin alignment in the direction of flow confirmed this (74.8±11.26 versus 7.73±2.5) (Figure [2](#jah33780-fig-0002){ref-type="fig"}Avii).[29](#jah33780-bib-0029){ref-type="ref"}

![Endothelial cell (EC) alignment in response to flow‐required ARHGAP18. (**A**) Morphological characteristics of control small‐interfering RNA (siCtl; i, iii, and v) or small‐interfering ARHGAP18 (siGAP18)--treated ECs (ii, iv, and vi) under static condition (i and ii) and under high shear flow (iii--vi) with F‐actin staining (red) (v and vi). Direction of flow as indicated. Representative of 5 independent experiments (vii). Quantification of cellular alignment determined by counting the number of cells with actin stress fibers that were parallel to the direction of the major axis of cells. Approximately 900 to 1000 cells were counted, from 3 to 4 biological replicates (74.8±11.26 vs 7.73±2.5, siCtl versus siGAP18). Bar=25 μm. (**B**) The number of cells showing microtubule‐organizing center aligned behind the nucleus (blue) in the direction of flow, as determined by acetylated tubulin stain (green) in siCtl cells (i) or siGAP18‐treated cells (ii), 4 hours after exposure to high shear flow. (iii) Cells with trailing acetylated tubulin were counted from 5 images taken per group from 5 independent experiments (40.4±8.96 vs 22.2±9.42 siCtl versus siGAP18). Bar=10 μm.](JAH3-8-e010057-g002){#jah33780-fig-0002}

The depletion of ARHGAP18 affected the early response to flow, a time when the actin cytoskeleton is being remodeled and the Rho GTP activity is reduced.[30](#jah33780-bib-0030){ref-type="ref"} This was measured by the movement of the microtubule‐organizing center, downstream of the nucleus relative to the direction of flow.[31](#jah33780-bib-0031){ref-type="ref"} Consistent with the reported literature, microtubule‐organizing center, as marked by acetylated tubulin stain, is observed in ≈40% of the small‐interfering control--treated ECs (Figure [2](#jah33780-fig-0002){ref-type="fig"}Bi, red cross). In contrast, depletion of ARHGAP18 significantly reduced the ability of ECs to polarize microtubule‐organizing center, with only ≈20% of cells having trailing acetylated tubulin (40.4±8.96 versus 22.2±9.42) (Figure [2](#jah33780-fig-0002){ref-type="fig"}Bii, iii).

We have previously reported the generation of ARHGAP18‐deficient mice (*Arhgap18* ^−/−^) that are phenotypically normal and age normally.[22](#jah33780-bib-0022){ref-type="ref"} These mutant mice were generated from targeted knockout allele ES cells from International Gene Trapping Consortium/Knockout Mouse Project (Figure [S1](#jah33780-sup-0001){ref-type="supplementary-material"}A through [S1](#jah33780-sup-0001){ref-type="supplementary-material"}D). We examined EC alignment in wild‐type (WT) and *Arhgap18* ^−/−^ mice under basal conditions. En face staining of the thoracic aorta for the EC‐specific cadherin, VE‐cadherin, showed its localization to cell‐cell junctions. In WT mice, the ECs displayed the characteristic elongated phenotype (Figure [3](#jah33780-fig-0003){ref-type="fig"}i, iii, v). In contrast, in *Arhgap18* ^−/−^ mice, the ECs failed to align in the direction of flow (Figure [3](#jah33780-fig-0003){ref-type="fig"}ii, iv, vi), showing a predominantly cuboidal shape, with prominent wide zipperlike appearance of VE‐cadherin at cell‐cell junctions, indicative of disrupted junctions[32](#jah33780-bib-0032){ref-type="ref"} (Figure [3](#jah33780-fig-0003){ref-type="fig"}vi, arrows). Measurement of cell circularity (0.28±0.02 versus 0.44 ±0.04) (Figure [3](#jah33780-fig-0003){ref-type="fig"}vii) confirmed the morphological changes, suggesting that ARHGAP18 is important for the alignment of ECs in the direction of flow.

![ARHGAP18 is flow responsive. En face view of the thoracic aorta stained for VE‐cadherin (green) in high shear area of wild‐type (WT; i, iii, and v) and *Arhgap18* ^−/−^ (ii, iv, and vi) mice. Magnified images of WT (iii and v) and *Arhgap18* ^−/−^ (iv and vi) mice correspond to boxed areas in i and ii, respectively. Cell elongation is measured using the formula for circularity, which is 4p (area/perimeter squared). A value of 1 indicates a perfect circle, and values approaching 0 indicate an oblong (noncircular) shape. (vii) Quantifications of 5 images taken from similar areas of the thoracic aorta from 5 different mice/group (0.28±0.02 vs 0.44±0.04, WT versus GAP18^−/−^). Data are expressed as mean±SD. Bar=10 μm.](JAH3-8-e010057-g003){#jah33780-fig-0003}

Although *Arhgap18* ^−/−^ mice are viable and reproduce normally, ECs isolated from the *Arhgap18* ^−/−^ aortic vessels were not sustainable in culture and had limited survival beyond the initial passages, compared with ECs derived from aorta of WT littermates (data not shown). This is consistent with our previous findings, in which we showed that knockdown of ARHGAP18 in ECs cultured under suboptimal conditions or in the presence of high tumor necrosis factor‐α levels rendered them proapoptotic.[19](#jah33780-bib-0019){ref-type="ref"} Our previous findings also showed an increase in expression of ARHGAP18 under oxidative stress or after tumor necrosis factor‐α stimulation.[19](#jah33780-bib-0019){ref-type="ref"} Together with our findings herein, in which ARHGAP18 is upregulated in ECs placed under flow‐induced stress conditions, we suggest that ARHGAP18 may be a gene that is vital for survival and is upregulated as a protective mechanism in response to stress.

ARHGAP18 Depletion Alters the Inflammatory Status of the Endothelium {#jah33780-sec-0023}
--------------------------------------------------------------------

Alignment of cells under high shear laminar flow inhibits the expression of proinflammatory genes and inhibits the activation of the transcription factor, NF‐κB.[33](#jah33780-bib-0033){ref-type="ref"} Control or *ARHGAP18*‐depleted cells were placed under high shear laminar flow (20 dynes/cm^2^) for 1 or 24 hours, and the localization of p65 (as a measure of NF‐κB activation) was assessed. The p65 subunit of NF‐κB transiently moved into the nucleus on initiation of flow, consistent with reported studies[34](#jah33780-bib-0034){ref-type="ref"} in both the control and ARHGAP18 siRNA‐transfected cells (Figure [4](#jah33780-fig-0004){ref-type="fig"}Aiii, iv). After 24 hours of high shear laminar flow, p65 in the small‐interfering control--transfected cells was predominantly relocalized to the cytoplasm (Figure [4](#jah33780-fig-0004){ref-type="fig"}Av). In contrast, a significant number of *ARHGAP18*‐depleted cells (62±17 versus 12±4) have p65 retained in the nucleus (Figure [4](#jah33780-fig-0004){ref-type="fig"}Avi, white arrows, and quantified in Figure [4](#jah33780-fig-0004){ref-type="fig"}Avii). Thus, in the absence of *ARHGAP18*, even under high shear laminar flow, the ECs display an activated phenotype in contrast to normal cells under similar conditions. Although p65 underwent cytoplasmic‐to‐nuclear shuttling, ARHGAP18 did not undergo any changes in localization (Figure [S3i--vi](#jah33780-sup-0001){ref-type="supplementary-material"}); however, there was a reduction in the total amount of ARHGAP18 in these cells subjected to high shear laminar flow for 24 hours, as previously seen for 72‐hour high shear laminar flow (Figure [1](#jah33780-fig-0001){ref-type="fig"}).

![Loss of *Arhgap18* renders endothelial cells (ECs) proinflammatory. (**A**) Retention of nuclear factor‐κB (NF‐κB; p65) in ARHGAP18‐deficient ECs. Control small‐interfering RNA (siCtl; i, iii and v) or small‐interfering ARHGAP18 (siGAP18)--treated ECs (ii, iv, and vi) under static condition (i and ii) and under 1‐hour (iii and iv) and 24‐hour high shear laminar flow (v and vi). NF‐κB (p65), green; nuclei, blue. Representative images of 3 independent experiments. (vii) Quantification of NF‐κB activation was determined by counting the number of cells with nuclear p65 per image field. Approximately 3000 total cells were counted from of 3 biological replicates. *P*\<0.05. (**B**) Expression of the NF‐κB (green) in the endothelium of wild‐type (WT; i and iii) and *Arhgap18* ^−/−^ (GAP18^−/−^) (ii and iv) mice with quantification of NF‐κB--positive ECs in the aortic arch (37.1±8.3 vs 61.8±5.7, WT vs GAP18^−/−^) and the thoracic aorta regions (23.9±5.8 vs 42.1±11.8, WT versus GAP18^−/−^) (v). (**C**) Intercellular adhesion molecule 1 (ICAM‐1) expression in the aorta in WT (i and iii) and GAP18^−/−^ (ii and iv) mice with quantification of ICAM‐1--positive ECs (9.3±9 vs 31±11, WT versus GAP18^−/−^) (v). (**D**) Quantification of endothelial nitric oxide synthase (eNOS; red) expression in ECs from WT and GAP18^−/−^ mice in the aortic arch (74.1±3.7 vs 69.1±2.2, WT versus GAP18^−/−^) and the thoracic aorta regions (72.9±3 vs 68.4±1.4, WT versus GAP18^−/−^). Images and quantifications are representative of 3 independent experiments. Nuclei, blue. Bar=25 μm. Ns indicates not significant.](JAH3-8-e010057-g004){#jah33780-fig-0004}

We performed en face staining of *Arhgap18* ^−/−^ mice, focusing specifically on the endothelial layer, using confocal imaging techniques. This revealed an enhanced p65 expression in the endothelium in the athero‐prone region (arches) of the *Arhgap18* ^−/−^ mice (Figure [4](#jah33780-fig-0004){ref-type="fig"}Bii) compared with WT controls (Figure [4](#jah33780-fig-0004){ref-type="fig"}Bi). Although the increased level of NF‐κB was predominantly cytoplasmic (inactive), many cells also showed nuclear localization (highlighted in red) consistent with activated NF‐κB, suggesting that the cells may be "primed," as has been reported by Passerini et al.[35](#jah33780-bib-0035){ref-type="ref"} However, most striking was the extent and level of expression of NF‐κB in the thoracic aorta regions in the *Arhgap18* ^−/−^ mice (Figure [4](#jah33780-fig-0004){ref-type="fig"}Biv) compared with WT (Figure [4](#jah33780-fig-0004){ref-type="fig"}Biii), showing predominantly cytoplasmic but also some nuclear localization in the *Arhgap18* ^−/−^ mice.

The number of NF‐κB--positive ECs was quantified in aortic arch (WT versus *Arhgap18* ^−/−^, 37.1±8.3 versus 61.8±5.7) and the thoracic aorta (23.9±5.8 versus 42.1±11.8) (Figure [4](#jah33780-fig-0004){ref-type="fig"}Bv). Enhanced expression of ICAM‐1 was also seen in the arches and to a more variable extent in the thoracic regions in the *Arhgap18* ^−/−^ mice compared with WT (9.3±9 versus 31±11) (Figure [4](#jah33780-fig-0004){ref-type="fig"}Cv). Analysis of eNOS, a vessel stabilizer, consistently showed a small but significantly reduced expression both in the arch (74.1±3.7 versus 69.1±2.2) and in the thoracic aorta (72.9±3 versus 68.4±1.4) regions of the *Arhgap18* ^−/−^ mice (Figure [4](#jah33780-fig-0004){ref-type="fig"}D). Together, the in vivo and in vitro data demonstrate that in the absence of *Arhgap18*, both proinflammatory and anti‐inflammatory proteins in the endothelium are altered, priming the endothelium toward a proinflammatory phenotype, a situation that we predict is exacerbated with further stress, such as an HFD.

ApoE^−/−^/*Arhgap18* ^−/−^ DKO Mice Have Widespread Atherosclerosis {#jah33780-sec-0024}
-------------------------------------------------------------------

To determine whether *Arhgap18* deficiency affects atherosclerosis development, the *Arhgap18* ^−/−^ mice were fed a HFD, but there was no atherosclerosis evident (data not shown). These mice were then crossed with the athero‐prone ApoE^−/−^ mice to generate the DKO ApoE^−/−^/*Arhgap18* ^−/−^. Male mice were fed a HFD for 4 to 20 weeks. Atherosclerotic plaques were identified by oil red O stain. After 8 weeks on the HFD, small atherosclerotic plaques were seen in the arches and in the arterial branches of both ApoE^−/−^ and DKO, and there was a slight but not significant increase in lesions in the DKO (Figure [5](#jah33780-fig-0005){ref-type="fig"}Ai). After 20 weeks on HFD, atherosclerotic plaques were seen in the aortic arch, including near the brachiocephalic, left common carotid and left subclavian artery, but considerably larger atherosclerotic plaques were seen in these regions in the DKO mice (Figure [5](#jah33780-fig-0005){ref-type="fig"}Aii). However, strikingly, there was a significant increase in the number of lesions in the thoracic aorta in the DKO mice. Lesions in the arch (ApoE^−/−^ versus DKO, 7.4±1.3 versus 8.3±1.1) compared with lesions along the thoracic aorta (7.6±4.1 versus 14±5) (Figure [5](#jah33780-fig-0005){ref-type="fig"}Aii, iii), a region protected from atherosclerosis development with usually only minimal plaque development, were seen at the vessel branch points, as seen in the ApoE^−/−^ mice. Hematoxylin and eosin staining of the 20‐week atherosclerotic lesions in both the ascending aorta (Figure [5](#jah33780-fig-0005){ref-type="fig"}Bi and ii) and the aortic root area (Figure [5](#jah33780-fig-0005){ref-type="fig"}Ci and ii) showed more aggressive plaque formation in the DKO mice compared with ApoE^−/−^ mice. Quantification of lesion size revealed a significantly larger total plaque area and thicker intimal layer, with slightly thinner medial layer, in DKO compared with ApoE^−/−^ mice in both the ascending aorta (ApoE^−/−^ versus DKO, 0.42±0.02 versus 0.76±0.16 and 0.17±0.03 versus 0.27±0.02, respectively) (Figure [5](#jah33780-fig-0005){ref-type="fig"}Biii and iv) and the aortic roots (ApoE^−/−^ versus DKO, 0.73±0.2 versus 1.6±0.2 and 0.2±0.03 versus 0.33±0.05, respectively) (Figure [5](#jah33780-fig-0005){ref-type="fig"}Ciii--iv).

![Enhanced atherosclerosis in *Arhgap18*‐deficient mice. (**A**) Apolipoprotein E (ApoE)^−/−^ and ApoE/*Arhgap18* double‐knockout (DKO) mice were fed a high‐fat diet for 8 (i) and 20 (ii) weeks, respectively. The presence of atherosclerotic lesions (arrows) along the aortic tree was detected by en face staining with Oil Red O. Representative images of 10 mice are shown. Total number of lesions in the aortic arch and along the aortic tree were counted. Lesion in the aortic arch includes near the brachiocephalic trunk, left common carotid artery, and the left subclavian artery. Lesions in the thoracic aorta cover areas from the ligamentum arteriosum extending distally to the iliac bifurcation. (iii) Total lesions counted in the arch (ApoE^−/−^ vs DKO, 7.4±1.3 vs 8.3±1.1) and along the thoracic aorta (7.6±4.1 vs 14±5). Data are expressed as mean±SD. Statistical analysis was made by 2‐tailed unpaired Student *t* test unless stated otherwise. *P*\<0.05 was considered significant, n=5 mice per group. (**B**) (i, ii) Hematoxylin and eosin (H&E) stain showing atherosclerotic lesions in cross sections of the ascending aorta after 20 weeks of high‐fat diet. Representative images of 5 mice/group are shown. Total plaque area was normalized to total area of the aorta (ApoE^−/−^ vs DKO, 0.42±0.02 vs 0.76±0.16) (iii) and intimal thickness measurement (ApoE^−/−^ vs DKO, 0.17±0.03 vs 0.27±0.02) (iv). n=5 mice/group. (**C**) H&E stain of advanced atherosclerotic lesions found in areas of the aortic roots in ApoE^−/−^ (i) and DKO (ii) mice. Representative images of 5 mice/group are shown. Quantification of the total plaque area in aortic root (ApoE^−/−^ vs DKO, 0.73±0.2 vs 1.6±0.2) (iii) and in the media (ApoE^−/−^ vs DKO, 0.2±0.03 vs 0.33±0.05) (iv). Data are expressed as mean±SD. *P*\<0.05 by 2‐tailed unpaired Student *t* test. n=5 mice per group.](JAH3-8-e010057-g005){#jah33780-fig-0005}

ARHGAP18 Deletion Promotes Early Onset of Atherosclerosis {#jah33780-sec-0025}
---------------------------------------------------------

The DKO mice showed early onset of atherosclerosis. After 4 weeks on the HFD, a thin layer of fatty streak without inflammatory infiltrates was observed in ApoE^−/−^ mice (blue bar in Figure [6](#jah33780-fig-0006){ref-type="fig"}Ai). In contrast, the DKO mice showed a much thicker layer of fatty streak accompanied by high numbers of morphologically large vacuolated cells, which are likely macrophage foam cells (Figure [6](#jah33780-fig-0006){ref-type="fig"}Aii). By 8 weeks, the fatty streak in ApoE^−/−^ mice had increased in thickness, accompanied by some degree of inflammatory cell infiltration (Figure [6](#jah33780-fig-0006){ref-type="fig"}Aiii). However, the lesions in the DKO mice at 8 weeks of HFD were significantly more advanced, as evidenced by the presentation of cholesterol clefts (Figure [6](#jah33780-fig-0006){ref-type="fig"}Aiv, yellow arrows) and macrophage foam cells (Figure [6](#jah33780-fig-0006){ref-type="fig"}Aiv, green arrowheads). Furthermore, there was increased infiltration of CD45‐positive lymphocytes within the plaque in the DKO mice (Figure [6](#jah33780-fig-0006){ref-type="fig"}Bii and iv) compared with ApoE^−/−^ mice (Figure [6](#jah33780-fig-0006){ref-type="fig"}Bi and iii) at both 4 and 8 weeks of HFD.

![Deletion of ARHGAP18 promotes early onset of atherosclerosis. (**A**) Hematoxylin and eosin staining of cross sections of the ascending aorta after 4 weeks (i and ii) or 8 weeks (iii and iv) on a high‐fat diet (HFD). The thickness of atherosclerotic lesions is shown with the blue line. Cholesterol clefts (yellow arrows) and a cluster of foam cells or fatty streaks (green circled) and their presence within the atherosclerotic plaque (green arrows) are indicated. (**B**) CD45‐positive lymphocytes infiltrate (orange arrows) in apolipoprotein E (ApoE)^−/−^ and double‐knockout (DKO) mice after 4 weeks (i and ii) and 8 weeks (iii and iv) of HFD. Representative images from 5 mice/group.](JAH3-8-e010057-g006){#jah33780-fig-0006}

ARHGAP18 Deletion Does Not Affect Lipid Metabolism in ApoE^−/−^ Mice {#jah33780-sec-0026}
--------------------------------------------------------------------

Altered lipid metabolism is a key factor in the onset and progression of atherosclerosis. To determine whether ARHGAP18 deficiency modulates lipid metabolism to promote atherosclerosis, we compared the lipid profiles in the mutant mice. DKO and ApoE^−/−^ mice, age and sex matched, have comparable body weight under normal diet and HFD challenged (Figure [S4](#jah33780-sup-0001){ref-type="supplementary-material"}A). Plasma levels of total triglyceride and total cholesterol, including the high‐ and low‐density lipoproteins, were not different between the ApoE^−/−^ and DKO mice (Figure [S4](#jah33780-sup-0001){ref-type="supplementary-material"}B), suggesting that ARHGAP18 deficiency did not alter lipid metabolism.

Discussion {#jah33780-sec-0027}
==========

Cell alignment in the direction of flow is a major protective response of ECs to shear stress. The alignment and remodeling is mediated through the dynamic regulation of the family of Rho GTPases.[30](#jah33780-bib-0030){ref-type="ref"} Herein, we demonstrate that ARHGAP18 (aka, *SENEX*),[19](#jah33780-bib-0019){ref-type="ref"} a negative regulator of Rho,[19](#jah33780-bib-0019){ref-type="ref"}, [22](#jah33780-bib-0022){ref-type="ref"} is flow responsive and is essential for the alignment of ECs in the direction of flow. Loss of *Arhgap18* impairs EC alignment, primes the endothelium toward a proinflammatory phenotype, and accelerates the development of HFD‐induced atherosclerosis. Together with our previous work showing ARHGAP18 being essential for EC survival[19](#jah33780-bib-0019){ref-type="ref"} and as an inhibitor of angiogenesis,[22](#jah33780-bib-0022){ref-type="ref"} our data suggest that ARHGAP18 is a vascular protective gene.

The *Arhgap18* ^−/−^ mice exhibit 2 unusual phenotypes in the descending thoracic aorta. First, they show high atherosclerosis plaque development, in a region normally associated with atheroprotection. Second, they have impaired EC alignment in the direction of flow, and staining for the junctional protein, VE‐cadherin, showed a disrupted phenotype. The lack of alignment of the ECs is consistent with the well‐accepted concept that the alignment is necessary to maintain the anti‐inflammatory and quiescent phenotype of the endothelium that is resistant to atherosclerosis.[29](#jah33780-bib-0029){ref-type="ref"}, [36](#jah33780-bib-0036){ref-type="ref"}, [37](#jah33780-bib-0037){ref-type="ref"} Indeed, our imaging data, in which the focus is on expression of those proteins specifically only in the EC layer, show an alteration in the inflammatory nature of the endothelium in the *Arhgap18* ^−/−^ mice. The inflammatory nature of the endothelium is known to be an early and key event in atherosclerosis initiation and development.[4](#jah33780-bib-0004){ref-type="ref"} In the descending thoracic aorta of *Arhgap18* ^−/−^ mice, there was a significant increase in the expression of the proinflammatory transcriptional factor, NF‐κB, and the proinflammatory protein, ICAM‐1, and a decrease in the anti‐inflammatory protein, eNOS. Thus, the upregulation of the proinflammatory and downregulation of the anti‐inflammatory markers would suggest that the ECs are primed for inflammation and that this priming together with a risk factor, such as an HFD, accelerate and enhance atherosclerosis development.

The dynamic nature of the Rho GTPase cycle is critical in EC alignment to shear stress because both constitutively activated and inactivated Rho impairs this alignment process.[30](#jah33780-bib-0030){ref-type="ref"}, [38](#jah33780-bib-0038){ref-type="ref"} Although there are many GAP proteins that may inhibit Rho signaling, our data show that *Arhgap18* is critical in the alignment process because its depletion, either in vitro or in vivo, results in a failure of ECs to align in response to high shear stress. The lack of microtubule‐organizing center reorganization on *ARHGAP18* depletion suggests its importance in the early events in the alignment process. We have previously shown that ARHGAP18 acts to regulate the activity of the RhoC‐ROCK (Rho‐associated protein kinase) pathway in ECs, with no effect on RhoA.[22](#jah33780-bib-0022){ref-type="ref"} Thus, ARHGAP18 demonstrates cell type selectivity for Rho because in ECs, it has RhoC activity, whereas in non‐ECs, it has RhoA activity.[23](#jah33780-bib-0023){ref-type="ref"} As with RhoA, RhoC is also important in cytoskeletal dynamics. Loss of RhoC results in an accumulation of thick actin bundles in the protruding edge of cells[39](#jah33780-bib-0039){ref-type="ref"} and an increase in EC migration.[40](#jah33780-bib-0040){ref-type="ref"} *Arhgap18* depletion in ECs, where RhoC activation is enhanced and maintained, results in a disruption of the actin cytoskeleton and a loss of cell junctional integrity[22](#jah33780-bib-0022){ref-type="ref"} and herein we show a failure of the cells to reorganize in the direction of flow. Thus, our data would suggest that RhoC is also critical in the alignment process and in EC homeostasis. Another RhoGAP, p190RhoGAP, has been implicated in the activation phase of RhoA in response to shear stress,[38](#jah33780-bib-0038){ref-type="ref"} suggesting that multiple RhoGAPs are thus likely to be coordinated to "fine‐tune" the EC response to flow. Recently, we have localized ARHGAP18 to the microtubules, its expression being essential for microtubule stability and for microtubule‐dependent functions in ECs.[41](#jah33780-bib-0041){ref-type="ref"} The cytoskeleton and, in particular, microtubules are also known to influence NF‐κB activation, a key regulator of inflammatory genes.[42](#jah33780-bib-0042){ref-type="ref"}, [43](#jah33780-bib-0043){ref-type="ref"} Furthermore, Rho GTPases interact with the NF‐κB pathway and can exert either positive or negative signals on its activation, depending on the milieu and activation.[44](#jah33780-bib-0044){ref-type="ref"}, [45](#jah33780-bib-0045){ref-type="ref"}, [46](#jah33780-bib-0046){ref-type="ref"} Our results in vitro show depletion of *Arhgap18*, resulting in a lack of EC alignment, leads to a sustained nuclear localization of the p65 subunit of NF‐κB, even under high shear stress. The results are confirmed in the thoracic and arch regions of *Arhgap18* ^−/−^ mice, where there is an increase in both total p65 and its nuclear localization. Thus, loss of *Arhgap18* predisposes the ECs toward the inflammatory state.

To date, many genes have been implicated in the flow‐mediated alignment process of ECs. Interestingly, Sydnecan‐4[29](#jah33780-bib-0029){ref-type="ref"} is also protective against vascular diseases, such as atherosclerosis. Syndecan‐4, among other functions, regulates the small GTPases, Rac1, RhoA, and RhoG.[47](#jah33780-bib-0047){ref-type="ref"} ROCK is a downstream effector of the small Rho GTPases (including RhoC), and high ROCK activity is associated with areas of vessel stiffness,[48](#jah33780-bib-0048){ref-type="ref"} regions prone to enhanced leukocyte adhesion and EC permeability[49](#jah33780-bib-0049){ref-type="ref"} and to the development of cardiovascular disease.[50](#jah33780-bib-0050){ref-type="ref"} Thus, treating cardiovascular disease through targeting Rho activity has been proposed, and the ROCK inhibitor fasudil has shown some benefit, at least in pulmonary hypertensive patients.[51](#jah33780-bib-0051){ref-type="ref"} The identification of the Rho GTPase inhibitor, ARHGAP18, as a critical regulator of the protective alignment process supports such an approach.
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**Figure S1. A** through **D**, Generation of ARHGAP18 knockout mice. (**A**) Diagrammatic representation of the transgenic allelle containing trapping cassette SA‐βgeo‐pA (splice acceptor‐beta‐geo polyA) which then inserted into the intronic region immediately upstream of exon2. The 7.2 kb construct contains LacZ reporter gene flanked by Flp‐recombinase target (FRT) sites. Through efficient splicing to the reporter cassette, a truncation of the endogenous transcript is generated resulting in the generation of a constitutive null mutation in the ARHGAP18 gene. (**B**) Homozygote mutant allele was identified using primers specific to exon 1 to 2 and 1 to 4. (**C**) Sequence analysis of PCR product from B showing integration of 115 nucleotide from the cassette in the ARHGAP18 mutant allele. (**D**) Western blot analysis of cultured bone marrow‐derived macrophage from WT and ARHGAP18 knockout mice probed for ARHGAP18 (2A3‐F3 mAb).

**Figure S2. A** through **B**, ARHGAP18 regulation (**A**) In vitro analysis of ARHGAP18 protein expression in response to laminar flow, disturbed flow and under static conditions. (**B**) Densitometry quantification of Western blot in (**A**). (**B**) A \>90% reduction in ARHGAP18 mRNA expression level in HUVECs treated with siARHGAP18 (opened bar) compared to siControl (closed bar). Western blot analysis shows \>90% knockdown of ARHGAP18 in siARHGAP18 treated cells compared to siControl.

**Figure S3. A** through **B**, Deletion in ARHGAP18 did not alter lipid profile in HFD mice. (**A**) Body weight of ApoE (closed bar) or ApoE/ARHGAP18 double knockout (opened bar) mice at various time point post HFD treatment. No significant differences in body weight were observed between the two genotypes at all time points. (**B**) Fasting blood level of total cholesterol (TC), High density lipoprotein (HDL), low density lipoprotein (LDL) and Triglycerides (TG) were not significantly different between ApoE and ApoE/ARHGA18 DKO.

**Figure S4.** Flow stimulates NF(B (p65) localisation. Under static condition, NFkB (p65) resides in the cytoplasms. NFkB (p65) shuffle to the nucleus after 1 hour of laminar flow and returned to the cytoplasm after 24 h of laminar flow (i--iii). ARHGAP18 expression is down regulated under laminar flow at 1 h and 24 h of laminar flow (iv--vi). NFkB (p65) (red), Nuclei (Blue) and ARHGAP18 (green). Representative images of 4 independent experiments.
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Click here for additional data file.
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